. The effects of Ca 2ϩ , Sr 2ϩ , and Ba 2ϩ on spontaneous and evoked glycinergic inhibitory postsynaptic currents (mIPSCs and eIPSCs) were studied using the "synaptic bouton" preparation of rat spinal neurons and conventional whole cell recording under voltage-clamp conditions. In response to application of Ca 2ϩ -free solution, the frequency of mIPSC initially rapidly decreased to 40ϳ50% of control followed by a gradual further decline in mIPSC frequency to ϳ30% of control. 
, and Ba 2ϩ on spontaneous and evoked glycinergic inhibitory postsynaptic currents (mIPSCs and eIPSCs) were studied using the "synaptic bouton" preparation of rat spinal neurons and conventional whole cell recording under voltage-clamp conditions. In response to application of Ca 2ϩ -free solution, the frequency of mIPSC initially rapidly decreased to 40ϳ50% of control followed by a gradual further decline in mIPSC frequency to ϳ30% of control. The results show that these divalent cations affect mIPSC and eIPSCs differently and indicate that the mechanisms underlying transmitter release that generates eIPSCs and mIPSC in presynaptic nerve terminals are different. The different mechanisms might be explained by the different sensitivity of synaptotagmin isoforms to Ca 2ϩ , Sr 2ϩ , and Ba 2ϩ .
I N T R O D U C T I O N
Quantal packets of neurotransmitters within synaptic vesicles are released spontaneously and asynchronously or synchronously in response to an action potential-induced depolarization of the presynaptic nerve terminal. In regard to evoked neurotransmitter release, it is well established at synapses studied that Ca 2ϩ influx through voltage-dependent Ca 2ϩ channels regulates vesicle exocytosis (Katz 1969; Neher 1998; Smith and Cunnane 1996; Zucker 1996) . At invertebrate, amphibian, and mammalian synapses, both Sr 2ϩ and Ba 2ϩ can enter presynaptic nerve terminals through voltage-dependent Ca 2ϩ channels and substitute for Ca 2ϩ in sustaining exocytosis (Augustine and Eckert 1984; Brigant and Mallart 1982; Katz and Miledi 1969) . At the squid giant synapse, the ability of these ions to support transmitter release is in the sequence of Ca 2ϩ Ͼ Sr 2ϩ Ͼ Ba 2ϩ (Augustine and Eckert 1984) . In addition, the exocytosis, endocytosis, and vesicle mobilization in the synaptic terminal of goldfish bipolar cells are well maintained with these three divalent cations, whereas the stimulus efficacy on slow asynchronous exocytosis is in the order of Ca 2ϩ ϭ Sr 2ϩ Ͼ Ba 2ϩ (Neves et al. 2001) . In this context, classical electrophysiological studies on the frog neuromuscular junction have shown the possibility of multiple mechanisms of Ca 2ϩ -dependent transmitter release based on distinct phases of exocytotic rates and pharmacology (Barrett and Stevens 1972) . Namely, the rate of transmitter release after the initial rapid rise appeared to decay biphasically, and the two components of release exhibited differential sensitivity to the external concentrations of Ca 2ϩ , Mg 2ϩ , and Sr 2ϩ (Meiri and Rahamimoff 1971; Miledi 1966) . In hippocampal neurons, it was also reported that the rate of neurotransmitter increases rapidly and returns to low levels with a biphasic decay and that the two kinetically distinct components were differentially affected when Sr 2ϩ was substituted for Ca ions (Goda and Stevens 1994) . Therefore it seems that the basic aspects of Ca 2ϩ -activated transmitter release machinery seem to be fundamentally the same in peripheral and central synapses.
Concerning spontaneous neurotransmitter release, [Ca 2ϩ ] i is also generally considered to play a physiological role in classic (Eccles 1964; Katz 1969) and recent (Sara et al. 2005) articles. Furthermore, studies on the frog neuromuscular junction also showed that spontaneous transmitter release is well preserved when Ca 2ϩ is substituted by Sr 2ϩ (Dodge et al.1969; Miledi and Parker 1980) as in the case of evoked transmitter release (Miledi 1966 (Tucker et al. 2004 ). Therefore it is of interest to re-examine the effects of divalent cations including Ca 2ϩ , Ba 2ϩ , and Sr 2ϩ on spontaneous and evoked neurotransmitter release in an attempt to obtain a clue to the different mechanisms involved in the spontaneous and evoked exocytosis.
In this study, we used "synaptic boutons" prepared by acute dissociation of rat sacral dorsal commissural nucleus (SDCN) region to study further the Ca 2ϩ -dependent mechanisms involved in spontaneous and evoked neurotransmitter release. This preparation of a single SDCN neuron, with functional glycinergic nerve endings (boutons) attached, enables us to stimulate a single glycinergic synaptic nerve terminal release site (bouton) and therefore offers the advantage of being able to determine mechanisms of the neurotransmitter glycine release at single synapses. We examined the effects of Ca 2ϩ , Sr 2ϩ , and Ba 2ϩ on both evoked and spontaneous glycine release, and the results obtained were discussed in relation to the recent studies on the isoforms of synaptotagmin I, IV, and VII, which have different sensitivities to Ca 2ϩ , Sr 2ϩ , and Ba 2ϩ (Tucker et al. 2004) .
M E T H O D S

Preparation
Wistar rats (10 -16 days old) were decapitated under pentobarbital sodium anesthesia (50 mg/kg, ip). A segment of the lumbosacral (L 6 -S 2 ) spinal cord was dissected and transversely sliced (400 m) with a vibrating microtome (VT 1000S, Leica, Nussloch, Germany). Cutting rostral to caudal, slices containing the SDCN region were placed in control incubation solution saturated with 95% O 2 -5% CO 2 at room temperature (21-24°C) for Ն1 h before mechanical dissociation. Mechanically dissociated SDCN neurons, here termed as the synaptic bouton preparation, were prepared as reported previously (Akaike and Moorhouse 2003; Jang et al. 2002; Katsurabayashi et al. 2004a; Kishimoto et al. 2001a; Murakami et al. 2002; Rhee et al. 1999) . In brief, a slice was transferred into a 35-mm culture dish (Primaria 3801, Becton Dickinson, Rutherford, NJ) containing standard external test solution, and the SDCN region was identified under a binocular microscope (SMZ645, Nikon). It was shown that SDCN neurons surround the central canal of the spinal cord by means of electrophysiological and anatomical methods (Honda 1985) , and in these experiments, we found that the SDCN region is much brighter within the gray matter in the slice preparations (Fig. 1A) . Mechanical dissociation was accomplished with a fire-polished glass pipette coupled to a vibration device (SI-10 cell isolator, K. T. Labs, Tokyo, Japan). The tip of the glass pipette was lightly placed on the surface of the SDCN region and was vibrated horizontally (0.3-to 0.5-mm displacement) at ϳ50 -60 Hz. Lucifer yellow staining of the mechanically dissociated neurons from the region showed spindle or pyramidal shape (10 -15 m diam), which is one of the features of SDCN neurons (Shoudai et al. 2007 ). We mainly used spindle-shaped neurons in these experiments (Fig. 1B) .
All experiments conformed to the guiding principles for the care and use of animals approved by the Council of the Physiological Society of Japan.
Electrical measurements
All electrical measurements were obtained from the postsynaptic membrane of SDCN neurons with conventional whole cell patch recording configuration under voltage-clamp conditions. Both spontaneous and evoked glycinergic inhibitory postsynaptic currents (mIPSC and eIPSC) were isolated pharmacologically by blocking glutamatergic and GABAergic responses with 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), D-2-amino-5-phosphonopentanoic acid (D-AP5), and bicuculline, respectively. Patch pipettes were made from borosilicate capillary glass (1.5 mm OD, 0.9 mm ID; G-1.5; Narishige) in two stages on a vertical pipette puller (PP-830, Narishige). The resistance of the recording pipettes filled with internal solution was 5-6 M⍀. Isolated neurons were observed under phase contrast on an inverted microscope (Diapot, Nikon). Neurons were voltage clamped at a holding potential (V H ) of 0 mV (CEZ-2300, Nihon Kohden, Tokyo, Japan). Both glycinergic mIPSCs and eIPSCs were continuously monitored on an oscilloscope (VC-6023, Hitachi) and a pen recorder (RECTI-HORIT-8K, Sanei, Tokyo, Japan). All membrane currents were filtered at 1 kHz (E-3201A Decade Filter, NF Electronic Instruments, Tokyo, Japan), digitized at 4 kHz, and stored on a computer by using pCLAMP 8.0 (Axon Instruments). Hyperpolarizing step pulses (10 mV; 30 ms) were used to monitor the access resistance (range, 5-12 M⍀), and recordings were discontinued if access resistance changed by Ͼ20%.
Focal stimulation of a single glycinergic synaptic terminal
Focal electrical stimulation of a single bouton adherent to a mechanically dissociated neuron has been described previously (Akaike and Moorhouse 2003; Shoudai et al. 2007 ). Briefly, 100-s current pulses (10 -15 A) were applied to a glass stimulating pipette (ID, ϳ0.5 m) at a frequency of 0.2-0.33 Hz from a stimulator (SS-202 J, Nihon Koden). The stimulating pipette was made from glass tube and filled with external test solution. The stimulating electrode was placed close to the postsynaptic membrane of a single SDCN neuron, where a whole cell recording was made. The stimulating pipette was carefully moved along the surface membrane of the soma or dendrites until glycine-gated outward currents appeared in all-or-none fashion, indicating that the stimulating pipette was positioned just above a single glycinergic bouton.
Drugs and solutions
Solutions used are shown in Table 1 eIPSCs, the external test solution did not contain TTX. In neurons perfused with ATP-free internal solution, the GABA response was completely eliminated within 10 -15 min (Shirasaki et al. 1992) . The pH was adjusted to 7.2 with Tris-OH. Ca 2ϩ -free solution containing 2 mM EGTA (as indicated in Table 1 ), and in some experiments, BAPTA-AM (Sigma) was also used. All drugs and solutions were applied to the recording cell via a Y-tube microperfusion system. With this technique, the external solution surrounding a neuron could be exchanged within 20 ms (Katsurabayashi et al. 2001; Murase et al. 1990 ).
Data analysis
mIPSCs and eIPSCs were counted and analyzed in preset epochs before, during, and after each test condition, using the MiniAnalysis Program (Synaptosoft) and pClamp 8.0 (Axon Instruments). mIPSC frequency was expressed as the interevent intervals. Frequencies and amplitudes were visualized, and cumulative probability distributions were compared under different conditions, and the Kolmogorov-Smirnov (K-S) test was applied (Stat View software, SAS Institute.). For complex waveforms in which the event starts to rise before the previous event returns the baseline, a baseline for the second event was estimated by extrapolating the decay of the first peak from the location of the second peak. The peak amplitude of the second event was determined from this calculated baseline. The current amplitude and success rate (R suc ) of eIPSCs were analyzed with pCLAMP 8.0. Effects of divalent cations were quantified as percentage changes in the spontaneous frequency and current amplitude for mIPSCs and the amplitude and R suc for eIPSCs, all compared against their respective controls. Numerical values are reported as means Ϯ SE using values normalized to the control levels. Possible differences in the amplitude, frequency, and R suc were tested with Student's paired two-tailed t-test and individual absolute values. Values of P Ͻ 0.05 were considered significant.
R E S U L T S
Characterization of mIPSCs
SDCN neurons receive a mixture of GABAergic and glycinergic inputs from interneurons (Jang et al. 2002; Katsurabayashi et al. 2004a ). In the presence of TTX (300 nM), ionotropic glutamate receptor antagonists CNQX (20 M) and D-AP5 (50 M), two types of spontaneous outward currents (fast and slow mIPSCs) were observed at a holding potential (V H ) of 0 mV. The slower and smaller mIPSCs were sensitive to bicuculline (10 M), whereas the larger and faster currents were blocked by strychnine (1 M), thereby indicating that the slow and fast mIPSCs are GABAergic and glycinergic ones, respectively. Therefore bicuculline (10 M) was also added to the external solution throughout these experiments to record selectively strychnine-sensitive glycinergic mIPSCs ( Fig. 2A) . Typical glycinergic mIPSCs at various V H s (from Ϫ110 to ϩ60 mV) are shown in Fig. 2B . The reversal potential (E Gly ) estimated from the I-V relationship (Fig.  2C ) was Ϫ71.8 mV, which is close to the theoretical Cl Ϫ equilibrium potential (E Cl ) of Ϫ69 mV calculated from the Nernst equation at the given intra-and extracellular Cl Ϫ concentrations. Therefore these mIPSC are carried by Cl Ϫ ions passing through Cl Ϫ selective, strychnine-sensitive glycine receptor-channel complexes.
Effects of prolonged Ca 2ϩ -free external solution on mIPSCs
To study the effects of divalent cations (Ca -free solution). Averaged mIPSC frequency decreased rapidly to 40% of the control and gradually decreased further to reach a steady level of 31.9 Ϯ 4.6% (n ϭ 4 -5) after 80 min. mIPSCs were reduced in frequency by external Ca 2ϩ depletion but never totally abolished. Figure 3 , B and C, shows the effects of prolonged treatment with Ca 2ϩ -free solution on the mIPSC interevent interval (frequency) and amplitude, and Fig. 3D summarizes the effects on the frequency (n ϭ 6). Prolonged Ca 2ϩ -free solution reduced mIPSC frequency, but there was much less change in the amplitude.
We also used BAPTA-AM in an attempt to chelate intracellular free Ca 2ϩ in the presynaptic nerve terminals and found that BAPTA-AM (3 M) completely abolished the generation of mIPSCs within a several minutes in 6 of 11 neurons examined. Re-application of Ca 2ϩ or Ba 2ϩ (2 mM each) restored the mIPSCs (Fig. 3, Ea and F) . However, in other neurons examined, increased concentrations of BAPTA-AM (3ϳ100 M) significantly reduced the frequency but did not suppress the generation and showed no effects on mIPSC frequency in three neurons (Fig. 3Eb) . (Fig. 5Bb) . After prolonged (100 -120 min) incubation with Ca 2ϩ -free solution, Ba 2ϩ but not Sr 2ϩ significantly increased the mIPSC frequency as mentioned above (Fig. 4Ba) (2 mM each) evoked a marked increase in mIPSC frequency, with no significant change in the mean mIPSC current amplitude (Fig. 5C ).
Application of Ca
Characterization of glycinergic eIPSCs
Focal stimulation (100 s in duration, and 10 -15 A in intensity) applied to a single bouton (see METHODS) evoked TTX-sensitive (data not shown) IPSCs (eIPSCs; Fig. 6A ). The inset in Fig. 6A shows two current traces at faster resolution and were obtained before (Aa) and after (Ab) the application of 1 M strychnine. Strychinine completely suppressed eIPSCs, and the effect was reversible (Fig. 6B ). Figure 6B also shows that not every stimulus produced an eIPSC. The average eIPSC current amplitude for those that appeared and the success rate (R suc ) for evoking eIPSCs were 138.4 Ϯ 14.9 pA (n ϭ 14) and 58.3% (n ϭ 24), respectively. Application of strychnine rapidly reduced R suc to zero. Figure 6C shows eIPSCs at various V H s (between Ϫ110 and ϩ30 mV) and the resulting I-V relationship. The reversal potential (E Gly ), measured from the I-V curve (Ϫ70.2 mV), was identical to that observed for glycinergic mIPSCs and again close to the theoretical Cl Ϫ equilibrium potential (E Cl ) of Ϫ69 mV. This result indicates that eIPSCs are mediated by activation of Cl Ϫ -selective channels coupled to strychnine-sensitive glycine receptors.
Effects of divalent cations on eIPSCs
We next examined the effects of replacing external control (2 mM shows the time-dependent changes in the current amplitude and success rate (R suc ) of eIPSCs in the various concentrations of Ca 2ϩ (0.3-5 mM) together with sample traces. The eIPSCs disappeared rapidly after the application of 0.3 mM [Ca 2ϩ ] o . In 1 mM [Ca 2ϩ ] o , eIPSC reappeared, and both amplitudes and R suc of eIPSCs significantly increased in 5 mM [Ca 2ϩ ] o . Figure  7C summarizes the [Ca 2ϩ ] o -dependent increase of relative eIPSC amplitude and R suc . Figure 8 , Aa and Ab, shows the time-dependent changes in the current amplitude and R suc of eIPSCs in the presence of Sr 2ϩ or Ba 2ϩ (2 mM each). The eIPSCs disappeared rapidly after exposure to Ba 2ϩ but rather slowly in the case of Sr 2ϩ
(within a few minutes), although in 2 mM Ca 2ϩ solution, eIPSC were continuously recorded over 30 min at least (Fig.  8B ). These observations might indicate that eIPSCs are more sensitive to Sr 2ϩ than Ba 2ϩ . Therefore we examined a higher concentration of Sr 2ϩ and Ba 2ϩ on eIPSCs. As show in Fig.  8D , Sr 2ϩ and Ba 2ϩ (5 mM each) restored the eIPSCs. However, Ba 2ϩ (5 mM) markedly increased the sIPSCs, which hampered the accurate measurements of evoked IPSCs. Figure  8D shows the half decay time of eIPSC amplitude in Sr 2ϩ and Ba 2ϩ test solutions.
D I S C U S S I O N
This study clearly shows that, in rat SDCN neurons, divalent cations act differentially on the spontaneous (mIPSCs) and evoked (eIPSCs) release of glycine from inhibitory presynaptic nerve terminals. The most striking difference observed was the differential sensitivity to removal of external Ca 2ϩ . Application of a Ca 2ϩ -free or low Ca 2ϩ solution rapidly abolished the generation of eIPSC but did not abolish mIPSC. The frequency of mIPSC was reduced, but mIPSCs could still be observed even after 2-h incubation with the Ca 2ϩ -free solution. One possible contribution to this difference might be the different experimental conditions, where a single bouton was stimulated to produce an eIPSC compared with mIPSCs reflecting the sum of spontaneous release from many synaptic boutons . A: sample current trace with positive current deflections representing both eIPSCs (F) and mIPSCs (E) in control conditions and in the presence of 1 M strychnine (Stry). The inset of current deflections of eIPSC shows the current recordings indicated by a and b at faster time scale. Strychnine (1 M) completely suppressed both eIPSCs and mIPSCs, indicating they were mediated by glycine receptors, but the stimulus artifact was unaffected by strychnine. Each "focal stimulus" application to a single bouton is indicated by F. External [Ca 2ϩ ] was 2 mM, and V H was 0 mV. B: lot of the eIPSC current amplitude against the stimulus number in the absence (E) and presence (F) of strychnine. Stimuli that failed to evoke a response (i.e., amplitude ϭ 0) were referred to as failures and used to calculate the success rate (R suc ) of eIPSCs. C: current-voltage (I-V) relationship for eIPSCs. E Cl ϭ Ϫ70.2 mV. Each filled circle is the averaged amplitude of 4 -7 eIPSCs. Inset recordings show eIPSCs at 3 different V H s. Arrows show the extrapolated peak current amplitude.
(ϳ30) located on the mechanically dissociated SDCN neuron. The application of Ca 2ϩ -free solution gradually and significantly reduced the mIPSC frequency, to ϳ30% of the control value after 2 h, indicating that at least some of the spontaneous releases of glycine depends on Ca 2ϩ influx, supporting our view that [Ca 2ϩ ] o plays an essential role in the generation of both mIPSCs and eIPSCs. However, Ca 2ϩ influx via voltage-dependent Ca 2ϩ channels mainly controls the generation of eIPSCs (Murakami et al. 2002; Nakamura et al. 2003; Nonaka et al. 2005) ; clearly, at least some mIPSCs arise via different mechanisms, independent of Ca 2ϩ influx. We reported that GABA-mediated sIPSCs or spontaneous miniature outward currents (SMOCs) recorded from rat Mynert neurons are only indirectly influenced by extracellular Ca In these experiments, BAPTA-AM also abolished the generation of mIPSCs in 6 of 11 neurons, thereby indicating that the gradual run down of mIPSCs was mainly caused by gradual depletion of intracellular Ca 2ϩ store in the presence of Ca 2ϩ -free solution containing EGTA (2 mM). In contrast, it was reported that ryanodine, thapsigargin, and Ca 2ϩ -free solution do not reduce the frequency of glycinergic mIPSCs recorded from mouse and rat auditory nuclei by use of brain stem slices, arguing against a significant role for presynaptic calcium stores (Lim et al. 2003) . Similarly, BAPTA-AM (10ϳ100 M) did not affect the mIPSC frequency at all in 2 of 11 neurons in these experiments. These observations might indicate that some glycinergic mIPSCs are caused by a mechanism that does not involve presynaptic calcium stores. However, it seems reasonable to conclude that glycinergic mIPSCs recorded from synaptic bouton preparations of rat spinal neurons are sensitive to presynaptic calcium stores, because BAPTA-AM (3ϳ100 M) was effective to greatly reduce or abolish the mIPSC frequency in Ͼ80% of the examined cells.
The previous observation that cAMP modulates glycinergic eIPSCs and mIPSCs differently and via different presynaptic proteins (Katsurabayashi et al. 2004b) influxes can directly trigger spontaneous glycine release, whereas Ca 2ϩ influx is preferentially directed toward filling depleted internal stores. Furthermore, the effect of excess [K ϩ ] o in enhancing mIPSC frequency also decreased during prolonged Ca 2ϩ depletion, again suggesting that the terminals can respond to depolarization with enhanced spontaneous release, but Ca 2ϩ influx is required to sustain this effect over longer periods. These results again clearly show differences with eIPSCs, which absolutely require Ca 2ϩ influx for depolarization-induced release, and mIPSCs, which only need Ca 2ϩ influx to sustain high rates of spontaneous or depolarizationinduced release over long periods. Ba 2ϩ is known to block K ϩ channels resulting in membrane depolarization (Murata et al. 2002; Schram et al. 2003; Shioya et al. 1993) . Addition of 4 aminopyridine (4-AP), a nonselective K ϩ channel blocker, on SDCN neurons in normal solution containing Ca 2ϩ also elicited a significant increase in glycinergic mIPSC frequency (Shoudai et al. 2007 ). However, the facilitation ratio of mIPSC frequency by excess K ϩ stimulation was eliminated time dependently during soaking the preparations in Ca 2ϩ -free solution (Fig. 5) . It means that a slow depolarization induced by excess-K ϩ stimulation could not elicit enough [Ca 2ϩ ] i rise in the presynaptic nerve terminal in Ca 2ϩ -free solution. Therefore the increases in mIPSC frequency after adding Ba 2ϩ to neurons pretreated with Ca 2ϩ -free solution for a long time could result from direct actions of Ba 2ϩ . In these experiments, only 60% of trials evoked IPSCs. The precise reason why only 60% of trials evoke IPSCs is not known. However, as far as slice preparation is concerned, every stimulus evoked IPSCs in the SDCN neurons (Katsurabayashi et al. 2004b) , and therefore it seems reasonable to assume that the low success rate might be one of the factors when a single synaptic bouton was focally stimulated in me- There was a significant difference between the 2 cation effects (n ϭ 4). chanically isolated synaptic bouton preparations. In addition, the amplitude of glycinergic mIPSCs shows large variation in these and previous experiments on auditory nuclei (Lim et al. 2003) , and it was proposed that site-to-site variability in the distribution of glycine receptors is a major factor underlying the large range of amplitudes of glycinergic IPSCs rather than multivesicular release.
Synaptotagmin I is abundant in synaptic and large dense core vesicles (Chapman and Jahn 1994; Matthew et al. 1981; Perin et al. 1990) (Tucker et al. 2004 ). This indicates that synaptotagmin I might not be involved in coupling Sr 2ϩ and Ba 2ϩ to exocytosis in neurons. The levels of Ba 2ϩ and/or Sr 2ϩ needed to stimulate fusion in the presence of synaptotagmin IV or VII are in the high micromolar range (Kishimoto et al. 2001b ). The range of [Ca 2ϩ ] o sensed by the synaptotagmin isoforms lies within the range from low micromolar to ϳ200 M Ca 2ϩ , depending on the cell type (Beutner et al. 2001; Bollmann et al. 2000; Kishimoto et al. 2001b; Schneggenburger and Neher 2000) . Synaptotagmin VII is ϳ400-fold more sensitive to Ca 2ϩ than was synaptotagmin I (Bhalla et al. 2005) . Thus it has been generally considered that isoforms of synaptotagmin with lowor high-affinity Ca 2ϩ relate to evoked and spontaneous transmitter release, respectively. Applying this to these results in SDCN neurons, it seems plausible to assume that synaptotagmin I and IV are involved in generating eIPSCs, because 2 mM Ba 2ϩ could not substitute for Ca 2ϩ to trigger eIPSCs. Actually, it was reported that the rate of spontaneous fusion of synaptic vesicles was unchanged in the knockout of synaptotagmin I (Geppert et al. 1994; Reim et al. 2001) . Concerning spontaneous release, synaptotagmin VII might play the dominant role, given that Ba 2ϩ is much more effective than Sr 2ϩ or Ca 2ϩ in supporting mIPSCs.
A related mechanism underlying differential spontaneous and evoked release concerns different vesicle populations in the synaptic boutons in the SDCN neurons. Results obtained by the in vitro fusion assay method (Bhalla et al. 2005) clearly indicate that there are at least two kinds of synaptic vesicles in presynaptic terminals with different isoform(s) of synaptotagmin. Ca 2ϩ entry into the presynaptic nerve terminal triggers neurotransmitter release in Ͻ0.3 ms. To account for such a short delay, it has to be assumed that these synaptic vesicles are docked at the active zone in a metastable state that could correspond to hemifusion (Geppert and Südhof 1998; Südhof 1995) . Ca 2ϩ acts by triggering the conformational or electrostatic change in Ca 2ϩ sensor(s) such as synaptotagmins that completes the fusion reaction. These docked synaptic vesicles may possess Ca 2ϩ sensors with relatively low affinity, including synaptotagmin I. The undocked or reserve pool of about a million vesicles located behind the plasma membrane is considered to maintain exocytosis (Lagnado et al. 1996; von Gersdorff et al. 1996) , and these vesicles might possess synaptotagmin isoform(s) with higher affinity to Ca 2ϩ and differential sensitivity to divalent ions, as discussed above.
At present, the physiological role of spontaneous synaptic events is not clear, although spontaneous excitatory synaptic currents have been reported to play a role in maintaining excitatory synapses (Saitoe et al. 2001 ). Regardless of their exact physiological role, spontaneous synaptic events have been extensively used as an important tool to study the mechanisms involved in synaptic transmission and the regulation of transmitter release by presynaptic receptors (Wu and Saggau 1997) . These experiments showed marked differences in divalent cation effects on spontaneous and evoked release from inhibitory nerve terminals in SDCN neurons. We propose that at least two kinds of synaptic vesicles with different isoforms(s) of synaptotagmin are involved in these two forms of transmitter release. 
